Introduction. Prior studies demonstrating agerelated declines in headache prevalence have not accounted for the potentially confounding effects of cognitive impairment. Our primary goal was to assess the relationship between aging and selfreported monthly headache days across the cognitive spectrum.
Introduction
Population-based studies of headache epidemiology demonstrate age-related decline in headache prevalence, with migraine peaking around age 40 years then gradually declining [1] . In addition, migraine phenotype changes with age, with fewer associated features, and increasingly only allowing for a diagnosis of probable migraine [2, 3] . However, this is not universally supported [4] . Chronic migraine prevalence in the United States has been estimated to decline among individuals age 60 years and older to 0.56% and 0.26% for females and males, respectively [5] .
The explanation for these observations is unclear; however, it is notable that both psychosocial and neurobiological changes with aging are associated with differences in pain perception and expression [6, 7] . Therefore, both healthy older adults and individuals with neurologic comorbidity are less likely to report pain [6] .
Despite prior community-and population-based estimates of headache prevalence in the elderly, no prior study has attempted to elucidate the relationship between headache and aging in a cohort accounting for potentially confounding cognitive impairment. We hypothesized that an age-related decline in headache would be seen in cognitively healthy older adults, consistent with age-related changes in pain attitudes and nociception [8, 9] . Further, we hypothesized that this association would be further abrogated in the setting of cognitive impairment and dementia, where pain expression and experience may be compromised [6] .
Methods
The study was approved by the University of Kentucky Institutional Review Board. A detailed headache questionnaire was included as part of an annual mailing to the 746 research volunteers participating in the University of Kentucky Alzheimer's Disease Center longitudinal cohort. The cohort was originally established in 1985, with 499 cognitively normal, 141 mild cognitive impairment (MCI), and 134 demented individuals being included in the current survey mailing [10] . The assigned cognitive classes were based on their current status at the time of the survey for this study. The Clinical Dementia Rating (CDR) and consensus diagnosis were used to classify subjects for this study [11] . The surveys were sent out to all research subjects with a CDR 0.5. This included all normal controls, MCI subjects, and very mild dementia subjects able to report their subjective complaints. No subjects in this CDR range suffered from language or vision impairment that would have interfered with survey administration or response. MCI and dementia cases included 85% due to presumed Alzheimer's, 6% vascular, 5% Lewy body dementia (LBD), 3% frontotemporal dementia (FTD), and 1% unknown cause. Surveys were sent to caregivers for all subjects with CDR > 0.5, which included those with mild, moderate, and severe dementia. Using the present methods, we have analyzed previous data for comparisons between respondent and informant surveys for MCI and mild dementia cases and found a significant correlation between responses (P ¼ 0.0027) [12] . Based on this data, we have used only subject surveys for data analysis in those with a CDR of 0.5 or less, as was done for the present study. The caregivers were either spouses or children with more than 12 hours of direct patient contact per week.
The headache questionnaire included questions designed to allow application of International Classification of Headache Disorders, 3rd edition (beta version), criteria for migraine with and without aura, tension-type headache, and subtypes [13] . Regarding aura, a series of questions per aura subtype was explicitly written to allow application of ICHD-3 beta diagnostic criteria. Secondary headaches were crudely screened out by an affirmative response to the question "Did your headaches only begin after a life-event (e.g., head trauma, whiplash, stroke, etc.)?", followed by provision of a space to provide additional detail. Although secondary headache syndromes could not be formally diagnosed by our study design, this step was included in an effort to try to obtain a purer cohort of patients with presumed primary headache disorders. Cranial autonomic symptoms were assessed by asking whether the participant had experienced at least five headaches with the following features, and eliciting a yes or no response to a list of cranial autonomic symptoms. A follow-up question assessed whether each of these symptoms would tend to occur on one or both sides of the head. The questionnaire additionally included a subset of the Migraine Disability Assessment Test [14] in order to determine average headache days and intensity (using a numerical rating scale) over the prior three months.
All analyses were carried out using the JMP statistical software package (SAS version 9.1.3; SAS Institute, Cary, NC, USA). Descriptive statistics are used to describe the cohort. Continuous variables are described as means with standard deviations or median values with interquartile ranges (IQR), as appropriate. Nominal variables are described as counts and percentages. Spearman's correlation coefficients (q) were obtained to assess the strengths of association between either age or Mini-Mental Status Examination (MMSE) score and average monthly headache days or intensity. Ordinary least-squares multiple regression analysis with backward selection was performed to assess the relationship between average headache days (continuous dependent variable) and multiple a priori covariates, including age, gender, and Mini-Mental Status Examination score. All statistical tests were two-sided, and a P value of less than 0.05 was considered statistically significant.
Results
The overall response rate was 58.6%, yielding a cohort of 332 cognitively normal individuals (response rate-¼ 66.5%), 71 individuals with mild cognitive impairment (response rate ¼ 50.3%), and 51 individuals with dementia (response rate ¼ 38%). There were no statistically significant differences in respondents vs nonrespondents in regards to age, education, gender, clinical diagnosis, or global cognitive test performance assessed by the MMSE, except for cognitively normal nonresponders being slightly younger and less educated (Table 1 ).
In the overall cohort, current headaches (N ¼ 108) were presumed to be primary in 102 (94.4%) and inferred to be secondary in six (5.5%), which included patients selfreporting headaches beginning only after life events (i.e., stroke). As a percentage of all individuals reporting current headaches, primary headaches were classifiable as migraine without aura in six (5.5%), migraine with aura in nine (8.3%), probable migraine in nine (8.3%), chronic migraine in five (4.6%), tension-type in 24 (22.2%), probable tension-type in 11 (10.2%), chronic tension-type in 10 (9.3%), and unclassifiable in 34 (31.5%). At least one unilateral cranial autonomic symptom was reported by 24 (22.2%) of those reporting current headaches.
Among the overall cohort, differences in age, gender, and cognitive status were not detected in comparison of individuals reporting and not reporting current headaches. Among individuals reporting current headache, demographic and clinical features were compared between cognitive subgroups (Table 2) . Overall group differences were detected only for gender, where a roughly equal gender distribution was observed in mild cognitive impairment and dementia subgroups, but not among cognitively normal individuals (P ¼ 0.02).
The cognitively normal cohort had a median age of 77 years (IQR ¼ 73-81 years), and 66.2% were female. Current headaches were reported in 22.7%, and current chronic daily headaches were reported by 4.3%. In this subgroup, individuals reporting current headache vs not were slightly younger by a median difference of two years (IQR ¼ 1-3 years; P ¼ 0.005), but they did not differ in gender distribution. Among the subgroup reporting headaches, a median average intensity of four (IQR ¼ 2-5) and a median number of four (IQR ¼ 2-13) headache days were noted, both over the last three months.
The mild cognitive impairment group had a median age of 78 years (IQR ¼ 74-83 years), and 49.3% were female. The median MMSE score was 27 (IQR ¼ 25-28). Current headaches were reported by 25%, and current chronic daily headache by 7%. In this subgroup, no age or gender differences were detected among those reporting current headaches vs not. Among the subgroup reporting headaches, a median average intensity of 4.5 (IQR ¼ 3-5) and a median number of five (IQR ¼ 2-18.75) average monthly headache days were noted.
The dementia cohort had a median age of 81 years (IQR ¼ 74-84.25 years), and 58% were female. The median MMSE score was 24 (IQR ¼ 19-26). Current headaches were reported in 13 (27%), with no patient reporting chronic daily headache. In this subgroup, no age or gender differences were detected among those reporting current headaches vs not. Among the subgroup reporting headaches, a median average intensity of 3.5 (IQR ¼ 2-6) and a median of three (IQR ¼ 3-5.75) average monthly headache days were reported.
A negative correlation was observed or a trend was noted between age and average headache days in cognitively normal (q ¼ -0.163, 95% CI ¼ -0.246 to -0.022, P ¼ 0.004), mild cognitive impairment (q ¼ -0.255, 95% CI ¼ -0.274 to 0.229, P ¼ 0.0475), and dementia groups (q ¼ -0.295, 95% CI ¼ -0.457 to 0.159, P ¼ 0.068) ( Table 3) . Correlations between either headache days or intensity and MMSE scores were not observed in any group. Regression analysis demonstrated age alone, but not gender or MMSE, as a weak predictor of headache days (R 2 ¼ 0.01, b ¼ -0.14, F(1,394) ¼ 4.17, P ¼ 0.042).
Discussion
In our sample, aging was associated with a decline in headache days in the absence of any confounding cognitive pathology and was weakly predictive of headache days across the cognitive spectrum. A meaningful association of aging and headache days could not be demonstrated among subgroups with either cognitive impairment or dementia. The cohorts were not specifically matched to allow direct comparison, and only a small fraction of individuals with dementia and headache were included. The cognitively normal group was generally more likely to be female.
Among cognitive healthy older adults, an age-related decline in headache self-reporting may be attributable to changes in pain attitudes and/or underlying agerelated changes in nociception at both peripheral and central levels of the neuro-axis [8, 9, 15] . Other psychosocial variables, including decreased stress, higher rates of retirement, partner pain status, and cognitive appraisal strategies with age may also be important [8, 16, 17] . We also observed that self-reported headache pain intensity was not related to aging or cognitive status, which was surprising given that pain is generally thought to be reported as less intense by older adults [9, 15, 18] . We interpret this to mean that headache pain perception may be generally preserved among older, cognitively impaired adults. However, given only the small number of adults with dementia and headache, this cannot be concluded with certainty.
Of additional note is the absence of a female predominance of headache among those with both mild cognitive impairment and dementia (Table 2 ). While we did not identify overall differences in proportions of different headache diagnoses (i.e., tension-type vs migraine) between the cognitive groups (Table 2) , that the majority of our patients had tension-type headaches may explain our observation concerning gender differences. Unlike migraine, in tension-type headache, female gender confers a much less significant risk [19] . Among older adults with migraine, the female predominance is reported past age 70 years, although the gap does narrow slightly [20] [21] [22] . That cognitive status might be associated with the effect of gender on headache was surprising, and again a topic of future study given the small cohort size. Given that sex steroid hormones contribute to the observed sexual dimorphism seen in both migraine [23] and Alzheimer's dementia [24] , females susceptible to dementia may be preferentially resilient to headache (i.e., related to decline in estrogen availability and/or sensitivity), potentially accounting for our preliminary observations. Serum 17b-estradiol is thought to be protective against Alzheimer's disease [24] , and surgical menopause has been associated with increased risk of Alzheimer's disease [25] .
The prevalence of migraine with aura in our migraine subcohort was nine of 29 (31%), which is less than the 40% prevalence of aura in individuals age 70 years or older as expected from prior work [3] . This may reflect sampling bias and/or differences in assessment methodology. Given that dementia involves neuroanatomic changes to cortical structures also implicated in aura pathophysiology, future studies examining the relationship between specific neuropsychological and neuroanatomical changes with dementia and aura prevalence and features would be of significant interest in this population.
The effects of dementia on pain perception are complex and may depend on the specific topography of the underlying syndrome. For example, individuals with mild to moderate Alzheimer's dementia are thought to have comparable pain detection thresholds while having diminished pain tolerance, hypothesized to reflect sparing of the primary sensory cortex [26, 27] . Conversely, patients with vascular dementia have been noted to have higher pain levels and higher burdens of analgesic use compared with individuals with Alzheimer's dementia, possibly reflecting a disinhibition syndrome with regards to disruption of descending pain inhibitory pathways [27] . Interestingly, in our cohort, we did not observe any correlation between a global cognitive measure (ie, MMSE) and headache indices in either cohort. A more rigorous dissection of specific neuropsychometric traits in a larger cohort sample may reveal important associations in this regard [28] . The MMSE has low sensitivity in the detection of nondominant hemispheric, frontal, and subcortical cognitive dysfunction, all of which contain regions of interest with regards to the central pain matrix.
With specific regards to headache, the literature has recently emphasized the impact of migraine on cognition. Dysexecutive cognitive symptoms are thought to be common during episodic migraine attacks, reported in almost 90% of a prospective clinic-based sample [29] . Ictal cognitive symptoms are associated with the overall intensity and disability experienced during migraine attacks [30] . Further, cognitive exertion may aggravate headache [31] . Recently, Feleppa, et al. [32] reported a prospective series of headaches among individuals age 65 years or older seeking consultation for cognitive symptoms. In this series, current headaches were reported in 24.4%, similar to our experience. Further, differences in MMSE were also not detected between those reporting or not reporting headaches. Our current work suggests that the relationship between headache and cognition may be bidirectional, which warrants further investigation.
Limitations
This single tertiary care center study was limited by an overall 58.6% response rate and relatively small sample size, especially in the dementia subcohort. A validated self-administered migraine tool was not utilized in this study as none have been validated among patients with cognitive impairment. Further, cognitive subgroups were not specifically matched for comparison, although they were similar in terms of age and gender distributions. While our sample of respondents is drawn from a community-based cohort, it should be noted that this is not an epidemiologic sample and the cohort is biased in regards to gender (female preponderance), educational attainment (higher than that in the presentative population), and racial/ethnic background (predominantly Caucasian). These considerations limit our abilities to generate global population inferences on average monthly headache days, type, and severity, ultimately limiting the generalizability of our results. We fully recognize that the classification of patients as having secondary headache disorders is inferential in most cases based solely on self-report of headaches beginning only after an event. Finally and importantly, we did not account for exposure to daily medications with headachepreventive properties and/or concurrent analgesic use, which may have confounded the assessment of headache frequency, intensity, and possibly perception of headache phenotype. Along these lines, in a population-based sample of community-dwelling older adults, analgesic use, most often on an as-needed basis, was reported by approximately 50% [33] .
Conclusions
These data demonstrate that headache continues to be a major morbidity as one ages, despite age-and cognitionrelated decreases in self-reported average monthly headache days. The identification of other covariates that may mediate a more robust impact on the behavior of headaches in the elderly would be of great clinical importance. A more equal gender distribution of those reporting current headaches in cognitive impairment and dementia groups is notable and warrants a further attempt at replication in an independent and larger cohort. The underlying causes of both age-and cognitive decline-related alterations in pain perception and/or changes in neuroanatomic pathways linked to pain perception deserve further exploration.
